The morphological structure of the lingual papillae and their connective tissue cores (CTC) in a rabbit were studied using LM and SEM and were compared to that of other animal species. Externally, the filiform papillae distributed on the anterior surface of the dorsal tongue were short and conical with a round base and had a flat area on their anterior upper half. The CTC of the conical filiform papillae had a roughly triangular plate-like structure with a round top. Several small round protrusions were found on both inclined planes of the triangle. Spearhead-like filiform papillae were distributed on the anterior edge of the lingual prominence and branched filiform papillae were on the posteriorly wide area of the prominence. These papillae on the prominence had a slightly ramified CTC that differed from that of the CTC of the conical filiform papillae distributed on the anterior tongue. Dome-like fungiform papillae were distributed among the conical filiform papillae of the anterior tongue and had a CTC with a roundish structure that was almost but, not quite spherical in appearance with 1 to 10 small round concave indentations for taste buds on their upper surface. The foliate papillae had approximately 15 parallel ridges separated by grooves. These ridges contained a parallel thin plate-like CTC exhibited after removal of the epithelium. The vallate papilla was comprised of a spherical central papilla and had a circular wall with a flower-like CTC almost resembling a carnation.
Introduction
There are many reports concerning the lingual papillae of mammals, and it has been shown that the lingual papillae of each of these animal species has a characteristic structure (Sonntag, 1922 (Sonntag, , 1923 (Sonntag, , 1925 . It is also accepted that not only the external form of lingual papillae but also the stereo structure of their CTCs retain a structure that is characteristic of each animal species (Kobayashi and Iwasaki, 1989) . The morphological characteristics of lingual papillae have been studied in some animals such as rodents (rats, mice, hamster, bank vole, beaver) (Kutuzov and Sicher, 1951; Iino and Kobayashi, 1988 ; Kobayashi et al., 1989c; Kitajima et al., 1992 ; Jackowiack and Godynicki, 2005; Shindo et al., 2006) , insectivores (moles, suncus) (Kobayashi et al., 1989b; Miyata et al., 1990) , carnivores (raccoon dog, fox, silver fox, tiger) (Emura et al, 2004 (Emura et al, , 2006 ; Jackowiack and Godynicki 2004), artiodactyl (Asami et al., 1995; Agungpriyono et al., 1995; Zheng et al., 2006) , and primates (Kobayashi et al., 1989a ; Kobayashi and Wanichanon, 1992) . Rabbit tongues have been useful for morphological studies. The majority of studies, however, have been restricted to epithelial cells or to the gustatory epithelium, particularly the taste buds of well-developed foliate papillae (Tuckerman, 1890 ; Omar Trujillo-Cenoz, 1957; Scalzi, 1967; Toyoshima and Shimamura, 1981; Liu and Lee, 1982; Iwasaki, 1987; Kobayashi, 1992) . Stereo structure of both the lingual papillae and their CTC of rabbits is provided by Silva et al. (2002) , but more detailed study has been demonstrated herein. Particularly these structures of the rabbit are compared to those of other animals from a comparative anatomical point of view.
Material and methods
The tongues of eight healthy adult domestic rabbits (Oryctolagus cuniculus var. doesticus) were used in this study. Two tongues were fixed in a 10% formalin solution for light microscopy and six tongues were in Karnowsky's fixative (Karnowski, 1965) for scanning electron microscope (SEM) .
In preparation for light microscopy, paraffine embeded specimens were cut and stained with HematoxylinEosin, Azocarmin (Masson-trichrome), and Aldehydefuchsin. In preparation for SEM, fixed specimens were immersed in a 3.5 N-HCl solution for about 10 days at room temperature (23~26°C) in order to exfoliate the epithelial cell layer. After exfoliation of the epithelial layer, both of the exposed sides (the connective tissue side and the epithelial cell side) were immersed in a 0.5% tannic acid solution for 60 min at 4°C and were postfixed for 60 minutes in 1% O s O 4 . Thereafter, they were frozen and dried using the t-butylalcohol method (Inoue and Osatake, 1988) .
After evaporation of the platinum-palladium, the specimens were observed under a scanning electron microscope (S-800 Hitachi, Japan) at an acceleration voltage ranging from 5 to 15 kV.
Results

General description and lingual papillae of the rabbit tongue
The dorsal surface of the tongue of the rabbit can be divided into three parts: the anterior, the middle and the posterior parts. The anterior part contains the lingual apex and makes up almost half of the tongue. The middle part has a lingual prominence located at the intermolar region close to the posterior half area of the tongue. The posterior part is a narrow region located at the lingual root. Four types of lingual papillae were recognized: filiform, fungiform, foliate and vallate papillae. The following three subtypes were used to delineate differing filiform papillae: non-branched conical filiform papillae (which were densely distributed on the surface of the anterior part of the tongue from the apex to the anterior border of the lingual prominence), spearhead-like filiform papillae (which were distributed on the anterior margin of the lingual prominence), and small branched filiform papille (which were distributed on the posteriorly wide area of the lingual prominence).
Multiple dome-like fungiform papillae were distributed sporadically among conical filiform papillae of the anterior part of the tongue. Two foliate papillae that were oval-shaped with numerous parallel ridges and grooves were located on each side of the lateral margin of the lingual prominence. Two vallate papillae were located slightly lateral to the mid-line of the lingual prominence. The surface of the posterior part (the lingual root) of the tongue was narrow and smooth ( Fig. 1) .
(1) Anterior dorsal part of the tongue
SEM figures of conical filiform papillae
Externally the conical filiform papillae distributed on the dorsal surface of the anterior tongue were short and conical-shaped with a round base. There was a flat area at the anterior upper surface of the papilla, and a blunt tip was bent toward the posterior. The width of the round base was approximately 80-120 µm and its height was 150-200 µm (Fig. 2) . After removal of the epithelium, the CTC of the conical filiform papillae resembled serrated arrowheads with several small rounded protrusions on both inclined edges of the arrowhead-like CTC of the papillae (Fig. 3) . The basal length of the CTC was approximately 50 to 100 µm, and the height was 100 to 150 µm. This arrowhead-like CTC had a slight concave anterior surface, while the posterior surface was bent towards the rear.
SEM figures of fungiform papillae
The upper hemispheres of the fungiform papillae vary in diameter from approximately 200 to 400 µm and their height from 300 to 500 µm (Fig. 4) . Fungiform papillae were distributed among the conical filiform papillae and were especially densely distributed at the superior marginal area of the anterior dorsal part of the tongue and for a short distance on the inferior marginal surface of the lingual apex. The CTC of the fungiform papillae had a spherical-like shape with about 15 to 20 vertical striations on the lateral surface. Small round depressions for taste buds were found on the narrow top of these fungiform papillae. Each depression measured about 20 to 40 µm and there were between 1 to 10 of these depressions on the top of each of the fungiform papillae ( Fig. 5 and 6 ). 
. Spearhead-like filiform papillae
There is a lingual prominence on the dorsal surface towards the posterior half of the tongue. At the anterior edge of the prominence, particularly large spearheadlike filiform papillae were distributed, each with a base of about 150 µm in diameter, and about 400 µm in height (Fig. 7) . These had a spearhead-like main process with a pointed tip and often some small accessory processes on both sides of the process. After removal of the epithelium the CTC of these spearhead-like filiform papillae had a long columnar base and the upper quarter area several slender rod-shaped protrusions branched (Fig. 8) .
b. Small branched filiform papillae
Small branched filiform papillae were distributed on the posteriorly wide area of the prominence behind a group of spearhead-like filiform papillae on the lingual prominence. On the surface epithelium, these small branched filiform papillae were thicker than the conical filiform papillae that were distributed across the dorsal portion of the anterior tongue. These small branched filiform papillae consisted of a central main process with some accessory processes on both sides of the upper part of the papillae (Fig. 9) .
The CTC of the small branched filiform papillae consisted of a large main process and several rod-shaped accessory processes extending upwards on both sides from the main process. These main and accessory processes terminated with rounded top (Fig. 10) .
c. Vallate papillae
Two vallate papillae were situated behind the lingual prominence, and were located at the posterior one fifth of the tongue. The vallate papillae consisted of a round central bulb surrounded by a deep groove and a circular wall (Fig. 11) . Numerous taste buds were located in the epithelium of the grooved side. Epithelial exfoliation of the CTC of the central papilla revealed a flower-like structure similar to that of a carnation (Fig. 12) .
d. Foliate papillae
The foliate papillae were oval-shaped and located on each side of the postero-lateral margin of the lingual prominence. Each foliate papilla was approximately 3 mm long and 2.5 mm wide. The foliate papillae possessed approximately 15 ridges and grooves. Light microscopy of the lingual mucosa revealed parallel arranged ridges with numerous taste buds on the epithelium of the grooves. Each ridge was approximately 220 µm wide and each groove had a depth of about 300 µm (Fig. 13) . Figure 14 shows a SEM figure of some ridges whose surface epithelium was partially removed and each ridge had 3 corresponding parallel folds where the CTC was exposed and this observation has been previously reported by Kobayashi (1992) . Numerous tast buds were regularly distributed in the grooved epithelium. Each taste bud was approximately 30 µm long and about 25 µm wide. Their pores faced toward the surface of the groove (Fig. 15) . The pores of the taste buds opened perpendicular to the grooved epithelium.
(3) Lingual root
The surface of the lingual root was relatively flat with some openings for the posterior salivary glands (Fig. 16) . After removal of the epithelium, small fibrous strands and the openings of the ducts were revealed (Fig. 17) .
Discussion
Externally, the conical filiform papillae on the anterior part of the rabbit tongue including the tip area have a relatively simple and short conical shape, with a flat anterior plane in the upper portion of the filiform papilla bending towards the upper posterior direction. The simple structure of these filiform papillae on the anterior dorsal area is very similar to those found rodents such as; rats (Iino et al., 1988) , mice (Kobayashi et al., 1989c) , hamsters (Kitajima et al., 1992) and bank vole (Jackowiack and Godynicki, 2005) as well as insectivores such as moles (Miyata et al., 1990) , and the suncus murinus (Kobayashi et al., 1989b) . In contrast, the filiform papillae of artiodactyla, carnivores and primates vary in shape and consist of a main process and on average have between 10 to 20 accessory processes (Asami et Kobayashi et al., 1989a Kobayashi et al., , 1994 Kobayashi et al., , 1995 Kobayashi et al., , 1997 . The CTC of the filiform papillae found in rats and mice looks like a small asymmetrical lump with narrow concave indentations on both of their anterior and posterior sides with a slender central protrusion. The hamster and suncus murinus have a spoon-like structure with a round concavity on the anterior. Rodents and insectivora have relatively simply shaped filiform CTC. In rabbits, however, the filiform CTCs have roughly serrated arrowheadlike shapes with several small rounded protrusions on both inclined sides of the CTC. The filiform CTC of guinea pigs (Kobayashi, 1990 ) and most artiodactyls (Asami et al., 1995; Kobayashi et al., 1997; Yamaguchi et al., 2002) have slender protrusions, numbering three in the case of guinea pigs and with greater complexity of six or more in the case of most artiodactyls. The stereo structure of filiform CTCs on the anterior part of the rabbits tongue are therefore comparatively described as being morphologically in beween those of rodents (including insectivora) and those of the guinea pig and Japanese serow (artiodactyla) (Fig. 18) .
The external form of the different types of filiform papillae distributed at the anterior margin of the lingual prominence of the rabbit's tongue showed large spear- head-like filiform papillae and on the posterior part of the lingual prominence had numerous branched filiform papillae. The spearhead-like filiform papillae distributed at the anterior margin of the lingual prominence of the rabbit are similar in morphology to those of carnivores (cat, dog). The rabbit branched filiform papillae of the lingual prominence closely resemble those present in most artiodactyl, unlike the rabbit tongue's conical filiform papillae on the anterior dorsal tongue. From the morphological differences discussed in this paper it is suggested that filiform papillae have evolved progressively from the simple small masses found in rodents to that of those found in animals such as rabbits to the more complex bundles of numerous protrusions present in most artiodactyls. Rabbits have numerous fungiform papillae particularly on the lingual apex and on the inferior margin at the tip of the tongue. After removal of the epithelium, small round depressions for taste buds were clearly recognized and easily countable on the upper part of the fungiform papillae. The number of taste buds on the upper part of the fungiform papillae varies between animal species. Animals which have one taste bud on each fungiform papilla include rodentia (rats (Iino et al., 1988) , mice (Kobayashi et al., 1989c) , hamsters (Kitajima and Kobayashi, 1992) ) and the suncus murinus (Kobayashi et al., 1989b ) (insectivora). Moles (Miyata et al., 1990) (insectivora) have one to three taste buds on each fungiform papilla. Dogs and cats (carnivores) have several, and crab-eating monkeys (primate) have 10 to 20 taste buds on each fungiform papilla (Kobayashi et al., 1989a; Kobayashi et al., 1995) . In the rabbits we studied, the number of taste buds on each fungiform papilla varied between one to ten. However, in most cases two to five taste buds were more commonly found on each of the rabbit's fungiform papilla. It therefore appears that the number of taste buds increased with evolution The number of taste buds found on the rabbit's fungiform papilla is much more numerous than in either rodents or insectivores, but significantly less than the number of taste buds observed on the fungiform papilla of the crab eating monkey (primate).
The presence of a lingual prominence is regarded as a characteristic structure of herbivores such as cattle, goats, deer (artiodactyla), rats, and mice (rodentia). Rabbits also have a conspicuous lingual prominence with large spearhead-like filiform papillae on the anterior edge of the lingual prominence and with branched filiform papillae on the posterior area of the prominence. This muscle rich prominence with spearhead-like and branched filiform papillae is an effective structure for herbivous animals to masticate food by grinding food between the tongue and the upper palate. The morphology and structure of filiform papillae has evolved according to the species masticatory requirements and functions.
Each animal species has a varying number of vallate papillae. Rats, mice, and hamsters have one vallate papilla. Rabbits, moles, suncuses (insectivora) (Kobayashi et al., 1989d; Miyata et al., 1990) Pigs are exceptional among the numerous species classified as artiodactyla for having a pair of foliate papillae, unlike most other artiodactyls which have none. Dogs and cats, which are classified as carnivores, do not have any foliate papillae but, they do have several fingerlike protrusions (lateral organs) arranged linealy. These finger-like lateral organs do not contain any taste buds and it is speculated that they act as some kind of mechanical organ rather than as a taste organ (Boshell et al., 1982) . Japanese bears, racoon dogs, and silver foxes (carnivores), however have well-developed foliate papillae with numerous taste buds in their epithelial cell layer.
It is noteworthy thought that the tupaia glis (Kobayashi and Wanichanon, 1992) (a primate) has finger-like lateral organs just like those found in cats (Boshell et al., 1982) . Most primates however such as crab-eating monkeys, mandrills, and humans have well-developed foliate papillae (Kobayashi et al., , 2004 ). Considering the above observations, it is interesting to point out that foliate papillae have developed in omnivorous primates. On the other hand, rats, mice, hamsters (rodentia), as well as rabbits which are classified as herbivorous animals, also have foliate papillae. The significance of foliate papillae is therefore not easily determinable. Because lower order animals such as rodents, rabbits, and guinea pigs have foliate papillae, it may be considered that foliate papillae exist primarily as a set with other lingual papillae like filiform, fungiform, and vallate papillae. In animals like dogs and cats that became purely meat-eating animals, and in cattle and goats that became purely grass-eating animals, foliate papillae may have degenerated through evolutionary processes for unknown reasons. To ascertain the significance of the existence of foliate papillae in mammalian species, a wider variety of animal cases must be investigated.
This study has provided information that supports the idea that lingual papillae and their CTC evolved according to the species masticatory and gustatory needs and functions.
